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SUBJACT :

surveyea

Progress Report orn Vammsil Investigation Including Data

or & Low Expansion Alumimum Powder Alloy
REFERENCE: (a)

(v)

(o)

(a)

(o)

(t)
(z)

Progress Report on Vaneasil Investigation, NMOPI Research
Department, Report No. 18, Preliminery No. 1 by J. C,
Wagner and J. G. Welr

Progross Report No. 2 on Vanasil Investigation, NOPX
Researsh and Test Department, Report No. 17 ®y J. C.
Wagner and J. G. Welir

Progress Repert No. 3 on Vanasil Investigetion, NOPI
Research and Test Department, Report No. 21 by J. C.
Jagner and B. C. Vaughm

Some Experiments in the Produstion of Alumimm-Niokel-
Iron Alloys by Pewder Metallurgy by P. R. Xalischar,
Metals Techmiology, August 1941, T.P. 1308

Recent Developmsnts in the Formation of Aluminum and
Aluminum Alloys by Powder Metallurgy by G. D. Cremer
and J. J. Cordiane, Metals Technology, Jume 1943, T.P.
1874

Metallogrephy of Aluminu: Alloys, L. F. Momdolfo, John
Wiley and Sons, 1943

Heoat Resisting Sintered Aluminum by R. Irmann, The
Engineers Digest, Vol. 13 No. 1, Jan 1953, page 9

ABSTRACT

Ar aluminum powder alloy vas prodused with a linsar soefficient of
expansien of 9.5 x 10-8 inches per insh per degree ¥. (68°- 2120 ?) with
other physiocal properties equal to thosme of Vanagil, but with considersbly

isproved machinabilisy. A large mmber of aluminum powder alloys were
a in G attempt to find the moat practical light alloy for use

with 300 series stainless steel and phosphor bronse in instrument manu-
fasturing.

S3ilicon segregation in a Vanasil casting was reduced by reducing
section size of the casting and thus increasing the freezing rate of the
metal.

1.

- Two trail computors bullt on A-132 base castings operated perfsstly
after exposures to temperaturss of -80° and 163° P.

Introduction

a. The original objestive of the Vanasil investigation was to develop
a light weight casting alloy with the low coefficient of expansion of Vana~
sil dut with improved machinability. The linear coefficient of thermel
expansion of Vanasil is 1dsally suited to the menufacture of instruments
in which typs 303 stainless steel and phesphor brenze grade B components
cre assembled into an aluminum bheas casting alloy freme. However the Giffi-
sulty of machining this material gave rise to e program aimed at developing
& suscsssor to Vanasil in such applications.

R Y hroruaTIoN
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S b. Two lines of attack on this problem were suggested: first,
variations of analysis of normal low expansion sluminum base allom to
reducs the primmry silicom precipitation vhioh makes Vanasil so 4iffi-

- oult to machine; and ssoond, development of an alloy by powder metallurgy

- wethods to accomplish the sawe end.

0. A 1ittle work was started on the variation of analyses using

§ titanium to replace the hypersutsctic pertion of the silicom in Vanasil.

An alloy was made vith & cosffiociemt of linear expansion of 9.7 x 10-6
inshes per inch per degree I (68° -212°) . The high temperatures requirsd
to melt the titanium-aluminmmm master alley msde the casting very gassy in

} spite of the Argon atmosphere used over the wvhole melting and pouring equip-
’ mnt. Further melting of the high temperature aluminum alloys was scheduled
for a vacuum furzace apd until the furnece could be proeured, the aotivity
of the investigation was directed toward peeder metal zlloy development.

ii . 2. Milled Low-Expansion Aluminum Powder Alloy

‘ a. The best powder metal alloy prodused om this program was made by
£ ball =illing a powder mixture comsisting of 131 silicon -325 mesh, 3.2
nickesl -325 mesh, balance atomized aluminum ~10C mesh. This powder was
' milled 20 hours under methyl alcohol 4in & percelain jar with ceramic oylin-
: dors as a grinding medium. Test bars .280 x .300 inches in cross sestion

‘ by 3 inches long were compacted at 80,000 FSI, The compaots were sintered
; at temperatures of 1000°, 10300, a0t 1040% F #or 1 and 2 hours in a hydrogen
a atmosphere dried to & dew point of -43° F. The coefficient of thermal
expansion was determined on wmost of the individual test bars and then their
] transverse bresking strength was dotermined by loading them as a simple beam
. over & 2.40 inch span. Table 1,, is a survey of the preperties chtained
; . from the variations of the sintering technique.
b - o | —_ Sint Trans. Breek. | Coeff. of exp. |
, r | Time Brs.]Temp. UF. [Atwosphere | Load, Lbs=. »/*/°F x 10
! Vs 2 1000 Hy 205 ; 9.7
V6 - 2 1000 Hy 203 ; 9.8
] Lid z 1000 By 18% | 9.9
Vs 2 1000 Eg 208 9.8
3 X 1 1020 Hy 16X ! 9.6
o 8 1 1020 Hey - 9.8
xaz 2 | 1020 Hy 163% 9.0
XL 1 | 1040 Hp 198 —
12 1 1040 Hp 21T 10.6
x5 2 1040 Hy 228 -— ;
X7 a 1040 Hg 233 — '
 x8 2 1040 Hg 234 s.0 |

TABIR 1. STHARENGTH AND EXPANSION DATA ON BALL MILI®D
ALUKINDM POWMR ALLOY (121 & 3.7 mi)
¢ The two 1680 psund strength values of the *X-20® asries are considered
abnermelly low and not typical of the usual production.

RESTRICTED 2
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b. The V" series from this table shows & high degree of consistency

} in strength and expansion charascteristiocs. Boilz the "I™ series shov that
inoreasing sintering time ad = constant temperature reducss the coefficlent
of expansion. Over this range of temperatures and time ths transverss
breaking strength is not meterially effeoted. The distortior or shrinkage
of these samples inoreasss with more severe sintering conditiens dut is

. not considered offensively high at the optimm sintering temperaturs cof

i 10807 for 1 lour. Under thess conditions a 3" bar will shrink ,040 inshes
in length on sintering.

: oc. To compare the strength of thsse bars vith the standard cast
mterials several bars wers mashined to the same dimensions from both as
cast antd heat tresated Vamasil and A-1352, These were then tested as bheams
in the seme wanner as the pewder Lars. Om this basis, the pewder bars of
tliess series have abeut 120f of the stremgth of heat treated Vaamsil and
914 of the strength of A-132. A mumiier of atiempiz were mads to test
thess materials as smsll temsile specimens. The stromgsr samples bebaved
fairly well, but a good many of the weaksr samples were broken i the
machine shop. Pinally the trunsverse heem test was adapted as a atamdard
teating method to avoid the loss of dats on poorer semples.

¢. The most objectionable machining eperations on the Vanssil castings
are drilling and tapping smsll holes. As & comparirzen, holes of equive-
lent size wers drilled and hand tapped in some of thwse sinterings amd in
: soms Vanasil. The hand opsrations were very much easier in the sinterings
‘ than in Vanasil. No exheustive msachinability reting studies were attempted
but hoth the actual hand operationa and the miorostructure of thess mterisls
show a elsarly improved mschiniang problem. This material is brittle but is
certainly no worse t$han Vamasil in thfis respect.

T e e

!

§ FIGURE 1. Miorostructure of Ball Milled Aluminum Powder Alloy (131 84,

1 ) 3.G% Ni) X 1000. Typiocal of miorostruciures of samples listed
¥

; v in Table 1.
. RES TRICTARD 3

¢

B e b e



RESTRICTRD

e. The largest grain in this microstructure covers less than
one five hundredth of the area of the primary silicon orystals in Vanz-
sil (Refersnoe (a), page 8). There 1s no evidence of grain growth or
reorystalization in this microstructure.

£. The apparont density of this powder after milling and drying is
« 0.35 grams per oubic centimeter. Its compressibility is 7.6:1.31se distri-
bution studies were started by dry soreseming. The -328 fraction vas
' olassified in a still water columm, removing the settled fractions after
oo measured time intervals. After drying again, these fractions wers studied
microscopically and an average size determined for each frastion. Now
cbviously there is a diseontinuity at the change from serssn to mioro-
scopic method; however it is felt that the data is most olearly expreased
in this form. The size distributiom is: 4 200 mesh, OL;, 325 mesh, 94;
45 micron, 1T%; 30 miorom, 1TY; 13 miorom, 1¥L; 10 miocron, 11 4; 8 micronm,
94: 3 micron and finer, 24%.

g- The effsct of compasting load was studied at loads Goth abeve

, and below 80,000 Psi. Samples of this material compeacted at 67,000 Psi.,
¥ shoved almnst identiocal properties to those compacted at 80,000. Barlier
work with mixtures of slementary powders mixed without ball milling indi-
cated that bars compacted at 105,000 Psi were superior $o those at 80,000.
The higher lead was not avallable at this station for more detalled study.
At loads of 80,000 Psi. the greenm density is 2.3 grams per ocubic centimeter.
Density after sintering increased to 2.4.

. h. The physical properties of this material are comparable to those
of Vanasil. The _gootﬂ.oiont of linear expansion may be controlled between
9.0 and $.9 x 107° »/"/% p  (88° - 212°) by appropriately ocontrolling the

. sintering time and temperature as indicated in Tadble 1. Within the limita-

{ tions of powder metallurgy parts and methods this is a solution tc the

origimal problem. Parts amsnable, to powder metal production may be manu-

factured by these techniques. This would net answer the demand for a

i casting material for the more involved inatrument housings.

3. Powdered Vanesil and A-132 Modification

! a. The 2first attempts at the pawder approach to the Vanasil problem
CoT were made by bdall will powdering Vanasil and A-132 with smll amounts of

‘ nieksl added in the milling (Reference (o), page 11). The nickel modified
' Vanasil lost considerabls siliocon in milling and ended with an analyais of
; . 19{ silicon egd 2-4f nickel. This only redused the ccefficient of expansion
\ to 10.9 x 107" »/*/OF which is appromimately equal to that of A-132. The

g A-132 bell milled with nickel additions, though lower in silisonr, produced

: & bettisr coefficient of expansion (that is, nsarer the nomiral goal of

} 9.5 x 10-6) due %o a longer sintering time and higher tewpersture. A brief

{ recap of this early information is surveyed in Table 2. The relation of

f lower axpansion characteristics to higher simtering tempsratures suggssted

! two additional short tims sinters in alr to cheok this trezd., Thess %o

! samples cenfirm this trend.

' 4
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4. Aluminum Powder Mixture Alloys

&. Another attempt was made to study the effest of zintering atmos-
pheres, timgs and texperatures. Ths powder was mixed from slemsntary

powders to the sams chemical analysis as the Modified A-132, that 1s 107
81 -325 mesh, 97 Ni -325 mesh, 791 atomised Al 200 mesh (newmdnal). To
this 21 TiHp was added to furnish naseent hydroges for redusimg aluminum
oxide. The use of TiHp is established in this commection by Kalissher
(Referemce (d)) in sintering a magnstic powder alloy at 2190° F. His
phstomicrographs show an ox‘4e natwork in sinteriags without the hydride
and show ths absense of sush a network whem sintered with the hyd:ide.
The TiHg begins to decomposs &t 840° F furnishing nascent hydrogen for

+his reduction.

b. Three atmospheres were used in this phase, purifi=Z hydrogen,
purified argon, amd still air. s:m&s times of 1/2, 2 and 8 hours,
and simtering tempersturss of 975°, , anéd 102359 ¥ were studied in
all t'wee atmospheres.

o. Ths coefficiemt of expamsion on this eatire seriss was high,
rumisg from 10.8 to 11.7 x 10-6 inches per inch per degroe F. The
samples sintered lenger than & half hour predused &n avesage strength
oqual to as cast Vamasil. The effsets of sintering tims, temporatures and
atmosphers on girength are sumariszed in Figuwre 2.

FEFEP

BREAKING LOAD, POUNDS

! | | ! Loa g
975 1000 1025 915 1000 o15 1000 1088

Sintering Tempsrature, Degreses F.
ceees:1/2 Hr. Sinter

weeee 3 Hr, 3inter

8§ Hr. Sinter
FIGURR 2. THE EFFECT OF SINTERING TIMEZ, TEMPERATURR AND ATMOSPHERE ON
STREMGTH
RESTRICTED M
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4. Only one good strength was attained with 30 minute sintering,
so 30 minutes iz oconsidered gensrally insdaguate. Bight hour sintering
is someshat bstter than two, but not enough to justify the additional
trouble. Argon and hydrogon atmospherss produse somparable resulta under
the same comditions. Neither ssems very mush bstter than alr for this

work.

e¢. Distortion of the barz dus to sintering mr-uu with higher
temperatured and besomes intolerabls a Iittle abeve 1025°. The Al-Si-m_
system forms a sutsstic at 114 Si and 5 Ni with & mlting point of 1054°
(Reforenss (£), page 114). Distortion can bs expsoted to be severe near
this temperaturs. In general, the highsst sintering temperature consiastent
with reassmables dimensional stability is to be preferred.

8. HEffeot of Aluminum Powder Particle 3ize on Stremgth

a. A side study was made on the effesct of powder particle sise on
strength alone with bars compacted from four nominal sizes of atomized
almminae powder. Nominal 20 mesh, 100 mesh, 200 mesh and -328 powderz
vers compacted at 80,000 Psi, sintered at 1023° for 2 hours in hydrogen
and tested as beams. The deflection of thess beams was also msasured
at the moment of frescturs to index the plastic deformation. This data
is summarized in Table 3.

st

NOMINAL POWDER TRANS. BREAK. EYIECTION
SIZE MRSH LOAD, LBS. INCHRS.
20 122 430
100 148 250
200 121 .120
-528 158 .038

TABLE 3. FRRLATION OF POWDER PARTICLE SIZE TO STRENGTH ON
PURK ALUMINUM POWDER SINTERTNGS

b. This shows an incresazing strength tendsnoy with finer powder
sisea and a pronounced inoresase in dustility with coarser powder sizes.
The beat deflection on the previous alloy powder samdles was .075 inches.

6. Effest of Titanium Hydride on Strength of Straight Aluminum Powder
Bars

a. Titaniuw hydride, suggested by tsforsnce (d), was added to most
of ths alloy powder compuzitions in ths preceeding work. Some of the
fractures cast a reasonable doudbt as to its effectivensss in aleaning
up the surfacs oxides on the powdsr grains. To sheok this point, a sories
of simple bars compacted from 20 mesh atomized aluminum powder plus fromz

RESTRICTED
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‘ 2 %o 20% TiH, sintered 2 hours in hydrogen, vas testsd for comparison
with the bcu of straight alusinus. This date is sumserized in Table

4.
ADDED f LOAD, LBS. INCHES = |
o 128 .420
3 z 75 .090
| 4 109 .240
! 6 104 .180
g a s .080
| 10 . .072
; 3¢ 18 .015

TABLE 4. EFFECT OF TITANIUM HYDRIDE ON STRENGTH AND RXPANSION
OF PURR ALDMINUM POWDER SINTERINGS
)
f b. No smsunt ef added TiHp prodused & strength equal to straight
¥ aiuminum powder. It is scmsiudsd that simtering tempersturss of 1025° P
'. are mt mffisiently high to utilises the hydrogen formed by the
i Kaxlissher in referemce (d), was sintering at 2190°F. I'nthlluhtof
2 exseytion of ons series of alloy samples.

s . T. ILakriostion of Dies

i &. Cremesr aad Cordianc (refersmse (e)) resommended a die lubricant

.- of £Iake aluminmm and stearis acid or sluminum stearats in & velatile
veliiels suck as carben tetrsshlorids $o prevent the alumims from ceold

f widing toc the dis walls. Aluminum and stearic acid, half and half, sus-

| pended in ssetome to maks & very thin die wash worked porfectly on this

' investigation with & ssparsbls die.

- &. Complex Powidor Mixture Alloys

&. (as of the alloys made by replasing soms of the hyperesutegtis
silicon with titanium had & cesfficiemt of sxpansion of 9.7 x 10°° inches
per insk per degree F. Several pewder bars were mixed to this same chemical

| amalysis to sompare results with the csst alloy. Strangely, ths lower
' sintering temperatures prodused best stremgth, and nons gave ar even fair
soefficient. Table ¥. susmarises this information.

RESTRICTED
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AMPLE TRANS., BANAK, |O . OF JXP. |
NUMBER | TIME,ERS | TEMP. OF | ATWOSPHERR LOAD, LBS. x10~8 n/n/op
1 4 932 Dry Hp 170 11.8 x 1078
2 2 978 "W 156
3 2 1000 L 126 ,
4 2 1000 " n 117 11.8 x 10~
Powder Analysis: 161 Ti; 8%8i; 24 Ni; 0.81 Cu; Balanee Al

TABLE 5. STRENGTH AND EXPANSION DATA OF TITANIUM-ALUMINUM
POWDER ALLOY

b. From this it appears that cheaiscal snalysis alone cammot be used
The misreostructure of the alloy ia alse
impertant in controlling this as well as the other physical propertles.

to sontrol the coefficient.

a. Noxt a series of bers was mads to study the effect of different
titanium and nickel analyses at a censtant lsvel of 8% silicen. Titanium
at 8%, 14¢, 20%, and 307 was mixed at nisksl levels ef Of, 8%, 10f and 201
balance atomized aluminum. All were compaocted at 80,000 Psi., sintered 2

hours at 1000° in dry hydrogen and tested as beams. Strength and coefficisat
of expansion data is summarized in Figure 3.

T T T
0 5 10 15

PER CENT NICKEL

5 1b

18 20

PER CENT NICKEL
FIQURE 3. EFPFECT OF TITANIUM AND NICKEL. CN STRENITH AND EXPANSION
OF ALUMIRUM POWDER ALLOYS

d. High percenteges of nicksl do reduse the coefficient of expansion

but also redugs the strength to unsndursble levels.

The higher nickel

sinterings sxpanded severoly om sintering. 8¢ the conditions which improvs

the coaffisient in this ssrisa ruin the astrength.

0f the four geod

coefficlenta prodused in ths sscrles, only one equals Vanasil in strength.
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¢. Several sinterings wers made of 257 Si, balance atomlized aluminum.
These, too, were not encouraging. Strength was less than Vanasil and the
coefficient more.

f. A survey of the effects of silicon, nickel, molybdenum, iron and
sopper on the cosfficient of expansion of aluminum (refsrence (a)) shows
that all of these elements resduce the coeffiolient in some degrse. A com-
prehensive program was planmed to study their effects on the coefficient
and strength in powder alloys, in ternary and also in more complex composi-
tion. The gesneral outline was to add 2% eash of nickel, iron and molybdemum
both singly and together to an aluminum-gilicon mixture at 12%, 187, 241 and
30% silicon levels. HEach of thess mixtures was checked at 10009, 10259,
and 1050° F. sinters if it would stand it. All samples were compaoted at
§0,000 Pai, and sintered for 2 hours under dry hydrogen. The results on
this program scattersd widely, as is8 to be expected, and oan perhaps be
best summarized in Table 6.

CHMMICAL ANALYSIS SINTERING TEMP.| TRANS. BRERK.  CORFF, OF NXP.
[4s1 Mo {cu °% LOAD, LBS. z 10-6 =/ /o,
12 2 1600 162 11.2
12 | 2 1025 163 11.8
12 2 1000 158 12.1
12 2 1025 121 11.9
12 2 1050 170 11.8
12 2 1000 150 11.9
12 2 1025 145 11.9
12 2 1050 205 11.5
12 2 | 2 1000 138 11.9
12 g | 2 102% 167
12 2 | 2 1050 178 11.5
12 | 2| 2 | 2 1000 140 1.7
12 2| 2|2 1028 198 11.8
12 |2 2 |¢2 1059 78 10.8
12 2|2 |2}z 1000 178 1.4
12 a2 |2z 1025 127 11.0
18 | 2 1000 129 11.8
18 | 2 1025 132 11.4
18 2 1000 124 11.7
18 2 1025 172 11.8
18 g 1050 158 11.2
18 2 1000 138 11.5 -
18 2 1025 179 1.2
18 2 | 2 1000 150 11.5
18 2 |2 1025 119 11.1
18 2 | 2 105G 144 11.1
18 | 2| 2 |2 1600 120 1.4
18 | 2| 2 |2 1026 130 10.9
18 | 2| 2 |2 |2 1000 106 10.8
18 | 2]l 2 |2 |2 1025 102 10.4

TABLEZ §. oomtinusd on page 1l)
10
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(TABLE 6. continued)

CHEMICAL ANALYSIS | SINTERING TBMP, | THANS. BREAK. | CORFY, OF RXP,
1si [Ny | Ho [ {¥e | Cu Oy L0AD, LBS. | X 1070 w/»/op
24 | 2 1000 112 11.0
24 | 2 1025 69 11.1
24 | 2 1050 68 10.5
24 2 1000 97 11.4
24 2 1025 112 1.2
24 2 1050 130 11.0
24 3 1000 92 1.1
24 2 1025 120 11.0
24 2 1050 127 10.7
g4 2| 2 1000 113 10.9
2 2 | 2 1025 119 10.7
24 2 | 2 1050 137 10.5
ufla2| 2|2 1000 88 10.8
22| 2| 2 1025 98 10.6
24 ;3| a2 | 2 1060 98 9.7
24| 22| 2| 2 1000 a8 10.3
242 | 2| 2| 2 1050 107 8.9
50| 2 1000 a7 i0.8
30| 2 1025 73 10.7
30| 2 1050 86 $.7
30 2 1025 67 10.9
%0 2 1050 119 10.1
30 2 1000 a8 10.9
3a 2 1025 80 10.7
30 2 1080 72 10.4
30 2| 2 1000 53 10.7
30 2 | 2 1025 78 10.7
30 2] 2 1050 108 10.4
02| 2| 2 1000 28 10.7
sbj2| 2| 2| 2 1050 56 9.2

TABIR 6. EFFECT OF ALLOY ADDITIONS TO ALUMINUM POWDER
SINTERINGS

€. Only three sinterings wors produced in this phase with s coeffi-
cient below 9.9 x 10-6 and all thres of these had strengths below 100
pourds. It is fairly oconsistently shown that higher sintering produces
highsr strength. Higher sintering also improves the cosfficient in
practically all sases. This relation of physical properties to sintering
temperaturs i3 fortunate in one respect, but up to tMigz point sintering mst
be carried too dangercusly near fusion to achieve adequate strongth ezl
sufficlontly low a cosfficient of oxpansion. Tho high tcomeraturos roguired
produas too much distortion to ba endursd bofore the ond is reashed,

RESTRICTED
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9. Milled Alumimm Powder Mixturs Alloy Developwent

a. In the earlier phases of this investigation a short series vas
run to determine the best compacting pressures for making green compacts.
The analysis was the same as the other early direct powder mixture alloys,
81 101, Wi 9%, Tilp 3%, balance atomized aluminum, however the mixing wes
ocarried out in e ball mill under aloohol for several hours. The ball milling
oxidized and cold weld alloyed the powders to a greater extent that the TiHz
was able to olean up. Fractures were oxidized and black.

b. Aside from the initial purpcse of this experiment, it was noticed
that thers wvas a marked reduotion in cocfficient of sxpansion. This coeffi-
. cient was 237 below average values for the same chemical analysis mixed with-
out extended ball milling. Physical strength was discouragingly low, but
the fact suggested an intermedizis condition Latween the axtremes of simple
mixture and ball mill alloying. It eppsared that the low coeffiocient was
principally due to the oxide network which was also responsible for the low

strength.

c. One possible way of improving strength at a partial saorifice of

t _ unnecessarily low cosfficient is to ball mill a master alloy under conditions
that will control oxidation; then after drying the powdsr, blend in measured
quantities of atomized aluminum to break up the continulty of oxides.

d. Several sories of bars were run under such conditioms. Typiocal of
them was a series composed of 13.7% 81, 7.4% Ni, balance atomized aluminum,
ball milled 20 hours under methyl aloohol in a sealed porselain jar. After
drying this powdsr, it was remixad, divided, and the fractions were blended

: with 21, 5, 81 and 127 20 mesh (nominal) atomized aluminum powder. The

. blended powders were compacted at 8C,000 Psi; half of these bars were sintered
in hydrogen for 2 hours at 1000°F; the other balf were sintered in hydrogen
with the heat slovly increased until a liquid phase began to sweat out on

the surface (at 1070°) and then were cooled in the atmosphere. The re-
sulting coefficients and sirengths are illustrated in Pigure 4.

9
o 3
q 200| ™ 2.6/
% igg_ \'\-L%.\ = * 1000° Sinter
- ] g el . . 4
140 © 2.3 £
: g 120 - * 20009 ;9.2 o 82
g 100] i’nt'l‘ ¢ % 9.1 1
. © 9.0

Per Cont Added Aluminum

4. EFFECT OF ADDRD ALUMINUM TO ALUMINUM-SILICON-NICKEL
FIGUR BALL MILILED POWDER ALLOY
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¢. This shows that strengths aversging slightly above Vavasil and

ocoefficients considerably below Vanasil are possible by this method.
However it 1s also notsd that strength is reduced with added percentages
of blended aluminum. This suggeats that proper control of alloy compo-
sition, sintering tempersture amd ball milling can adeguately control the
relation of strength and coeffiocient without the addition of blended povw-
ders after milling. The date of Figure 4., also suggests that when using

: sintering temperatures above 1000°, theres iz more percentage of alloy pre-

: . sent than necessary to reack a suffioiently low coefficient.

’ f. In line with these observations, the alloy was out to 114 Si and
A 2 5/ Ni, and the ball milling and compacting were left unchanged. Sintering
was raiud to 1075° and 1140° F. The blending aluninum was continued at ths

21 and 87 lsvels in addition %o the mester mix without blending. This data
is summarized in Figure 5.

. . 260 . ©
§ 2
¥ - 2507 N (0} . ¢ o

g — ‘8o B 1075 Sinter*

‘\ (9 ﬂ # -
. Py (
240p \¢\a= ) .
g @?*Or.,,o 1140° N § 10.0f ~<q1140°
m L T T 3 i ) T

Per Cont Added Aluminum

. FIGURE 5. EFFECT OF ADDED ALUMINUM TO LRAN ALUMINUM-SILICON-
NICKEL BALL MILIRD POCWDRR ALLOY

g. These curves confirm the previous comclusion that 1ittle signi-
ficant benefit is to be gained by blending aluminum into the master ball
- milled alloy. The correction on analysis however was too severe to get
a good coefficient but did give the beat strength yet produoced (10T of .
A-132 or 1401 of heat treated Vanasil). The higher sintering at 11400
. geve alaminated, distorted bar, a very undesirable condition.

h. Two samples of this series wers sintered in air at the zame two -
v times and temperaturss. Both strength and ccefficient were lowered, breaking
load to 160 and 193 pounds and cosfficient to 9.2 and 9.9 x 10-6 respectively
: at 1140° and 1075° gintering. There is an additional oxide shell or case
: effoct which is shallow for short time sintering and at least 1/8 inch deep
i for 2 hour cintering. This method doss not seem as proWising as the hydro-

gon atmosphere work.

e RESTRICTED 13
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1. There is a strong possibility that hydrogen of inorsased purity

(dew points of ~60° ¥ or more) might have improved the sintering condi-
tion fer the aluminum powder mixturs alloys of zection 4. However it
soon became apparent that high strength oclean powder alloys had higher
thermal expansion charscteristios than alloys sintered im air or improperly
purified hydrogen. This led to ths concluzion that a considerable portiom
of the reduction in expansion was dus to the presence of appresciadble per-
centages of aluminum oxides. Of course this is particularly true in the

_ materials prepared by extensive ball milling. HNow since these properties
geem to be achieved by deliberate and controlled oxidation, dew points of

I -43° wers net foumd to be objsotionadle, particularly onm the ball milled

. alloys.

J. This experience sesms to parallel portions of the recent Eurcpean
developments of SAP powder products (Sig.toroé Aluminum Powder), refeorence
(g). The phemominal properties of SAP products are attributed to a great
extent to conijyolled oxidation without slloying. The coefficients of
sxpansion of SAP material is quoted at 80% of that of EC alumtmm whioh
would be about 10.8 x 10-8 n/w /Oy (689- 2129). This incidentally is lower
than A-132.

10. Conclusions on Powder Alloy Work

&. Analysis: Several analyses !zm suceessaful in reeching a limear
coefficient of expansion of 9.5 x 10™° inches per insh per degree F.,
hovever the most precticel, simplest, and strongest found in this work was
137 silicen, 3.%{ nickel, balance atomized aluminum.

b. HKilling: Thess pewders were ball wmilled in 180 gram sample lots in
a poroelain Jar, 2 1/2 gallon capssity, with 2 quarts of methyl alcohel and
. sbout 1/3 full of ceramis cylinders, for 30 hours. These conditiems adequately
centrelled tho powder grein oxidation whish iz largely respomsidle for the
: good scefficient. Thias detall would probably have to be restudied on milling
! in other squipment.

, .6, Compasting: 80,000 Ps{ in a separsble die lubricated with a very
oo thin wash of flake sluminum powder and stearisc acid prodused a nice green
compast of 2.3 density. A few samples wers compuoted at 67,000 Psi and
53,000 Psi and a few as high as 105,000 Pai. 53,000 is toc weak, 67,000
“ to 80,000 iz adequate and 105,000, vhioch was not available oa this station,
- is sa-nhng better yot, but net essential.

t d. Sintering: Since thase powders are deliberatsly oxidized before
sintering, a high purity of the atmosphere, usually required for aluminum
powder metallurgy is not demanded. Hydrogen dried to dew points of -43°F
is adequate. Sintering in open air further oxidized ths bars near the
surface, ln some casea weakening them, in all cases rsducing the sceffioient.

| 14
RESTRICTED
SECURITY IMFORMATTON



TTREERAL o & Amriaittl IV iy, 4 B kg,
O 4 A R A B T s g et ey s

- +.
REISTRICTED

Tho dssired coefficient may be mors easily reached by this procedurs,

but because of the non uniform properties of center and surface, it is
not recommended.

e. Dimensional Fidelity: Shrinkege on sintering is proportional
to sintering severity. Inorwasing either time or temperature will in-
croase the problem. However this shrinkage and its assococlsted disbtortion
may be held below cne per osnt with sinters of 1 to 2 hours and 1040° to
1080%F temperatures. This of course is not an indepondent variable.
The cosffisient is olosely dependent on the sintering--longer times and
higher tomperatures both reduce it.

- ——T

—_—

o f. Mechinability: The hypereutectic primary silicon crystallizetion
v 1s completely removed by this technique. This of course is the principal
sobjection to Vanasil. Consequently mechinability is mmoh improved. The
material is brittle, but is comparable to Venzail in this respect-- no
wOrse.

11. Silicon Segregatlon in Slender Cestings

a. Ons of the slender Vanasil castings used at this station con-
sisted of a fairly plane surface a little larger than 6 x 12 inches re-
inforced on the back with a number of moderately heavy ribs. In the usual
production of these cestings the metal backing of the plans surface is
. .876-.285 inches thick. In this thiclmess there iz considerable primary
! gilicon segregation oppoaits the heavier ribs whioh would he the slowest
: freezing portion of the casting. This segregation iz illustrated by
:‘ Pigure 6., an actusl size photograph across the 6 inch width of the plane
. surface after machining. -

' FIGURE 6. VAMNASIL CASTING SHOVING SILICON SECRECATION OPFOSITE HOAVY

! RIBS OM BACK. [DECK THICKNESS .276"-,285% .
. RESTRICTED 15
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b. The .280 inoh thickness of the plans face was redused to .220 to
230 inches thiok to reduce the froeexing time and thus reduse tho segrs-

gation ox this face. Figure 7. illustratez the success of this pattern )
change 1ln reducing silioon segregation.

.

i r e . : e

k . | Y oty

* ; et ) - A A

k4 - N . o u ot
[, BeRE: ; . A Y 7

FIGURD 7.  VANASIL CASTIIG SEOJIIE ABTUTGR OF SILICOT ST BATI0I ALTIR
REDUCIIG DECK THICKNK=SS TO
RESTRICTED
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12, A-132 Experimental Compousnts

a. There is considerable waight of enginsering opinion favering
the use of A-132 instead of Vanssil fer low expansien instrument cestings.
To establish the pesition of A-132 i the debate on this question, plans
were made to build a number of the computer components of the AN/ASB-1 en
A-132 fremes, expese them to both high and lov temperatures and then test
them carefully for perfermance and asouracy at room temperaturs.

b. On this plan, two trail computers were built en A-132 base castings.
They were completely tested and then czpesed to temperatures from -60° to
168% F and testsd again at room temperaturs. Tihese computers passed all
requirsment both before and after the tempersture cyoling.

c. Contimuing this plan, two tine of fall computers and two V_ %,
units are being built for similar testing. If all satisfastorily Dass
these initial tests, it is plammed to assemble them into a finished instru-
ment and plses them in sotusl service féx cperational ohbservatien.

d. To date no tests at this plant have shown that A-132 can ba considered
unsatisfactory in this application.

13. Recommendations for Continued Researsh Work to Develop Bastter Low
Cosfficient of Bxpansion Alloys

&. Thers are ssveral avenuss of poasible improvemsnt whish may be
suggested. It would certainly be advisable ta contimus the vacuum melting -
phase of this investigation replacing & portiom of the hypersutectis silicon
with titanium. The initial attempts in this diresction were promising, yield-
ing ons allsy with a very favorsbls coefficlent of expansion. It seema
sasily within reason that the mioroatructure of this alley , or a similar
one, oould be ocontrolled to & point of materially surpassing ths prepertiss
of Vanasil.

b. Another suggestion that has bsen discussed is the pesaibilitsy of
rofining the primsry asilicon orystallisation of Vanasil itself by means of
ultrasonie agitation of the mslt cither befers or during freeszing.

c. The similarity of SAP products and ths ball milled powder alloy
reported in the begimning of this repert is demonstrated at least to the
extent that both depend on controlled oxidatien of the powder. Thersfors
there is a strong possibility that the teclmiques of hot pressing and extru-
sion which finish out the remarkable propertiss of the SAPF preducts may alsa

be succeasfully applied to this wark.
8.0 Youpho

Approved: B. C. Vaughn
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